A case report: 201Tl/99mTc-Pyrophosphate dual-isotope myocardial SPECT for detecting annular subendocardial infarction induced by a transient shock  by Tanaka, Tetsuya et al.
Journal of Cardiology Cases (2010) 2, e63—e66
avai lab le at www.sc iencedi rec t .com
journa l homepage: www.e lsev ier .com/ locate / j ccase
Case Report
A case report: 201Tl/99mTc-Pyrophosphate
dual-isotope myocardial SPECT for detecting annular
subendocardial infarction induced by a transient
shock
Tetsuya Tanaka (MD, PhD)a,∗, Hiroshi Fujita (MD, PhD, FJCC)b,
Shinji Seto (MD)a, Kazuto Yamamoto (MD)a, Morihiko Kondou (MD, PhD)a,
Toshiyuki Ootomo (MD, PhD)a, Yoshiaki Shimoda (MD)b, Naoki Makita (MD)b,
Kiyonari Matsuo (MD)b, Yasutsugu Shiono (MD)b,
Yoshinori Tsubakimoto (MD)b, Tomohiko Sakatani (MD)b, Akiko Matsuo (MD)b,
Keiji Inoue (MD)b, Makoto Kitamura (MD, PhD)b
a Division of Cardiology, Shakaihoken Kobe Central Hospital, 2-1-1 Souyamacho, Kita-ku, Kobe 651-1145, Hyogo, Japan
b Division of Cardiology, Japanese Red Cross Kyoto Daini Hospital, Kyoto, Japan
Received 14 September 2009; received in revised form 26 February 2010; accepted 1 March 2010
KEYWORDS
Annular
subendocardial
infarction;
Dual-isotope
myocardial SPECT;
Transient shock
Summary The patient was a 74-year-old woman with angina pectoris, who had undergone
percutaneous coronary intervention with stent placement in the right coronary artery on Octo-
ber 2, 2007. On November 12 of the same year, she suffered from paroxysmal atrial ﬁbrillation.
She was treated with pilsicainide hydrochloride administered by intravenous injection, which
was followed by a sudden sinus standstill, with marked bradycardia and a shock state. The
patient was then treated with a catecholamine, however, the shock state persisted for about
an hour. An electrocardiogram revealed persistent ST depression in leads V4—6 along with ele-
vation of the serum creatinine kinase. A coronary angiography performed on the admission day
revealed no abnormality. On the third hospital day, a dual-isotope myocardial SPECT using 201Tl
and 99mTc-pyrophosphate demonstrated an annular accumulation of 99mTc-pyrophosphate con-
cordant with the endocardium f
subendocardial infarction. The c
infarction developing due to isc
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doi:10.1016/j.jccase.2010.03.003rom apex to the mid-portion of the left ventricle, suggestive of
ase is reported here, as there are few reports of subendocardial
hemia arising from a shock state.
diology. Published by Elsevier Ireland Ltd. All rights reserved.
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ntroduction
ubendocardial infarction developing as a result of ischemia
ssociated with a shock state is not a common occurrence.
n virtually all cases, subendocardial infarction develops
ue to progression of coronary arteriosclerosis or as a com-
lication of percutaneous coronary intervention. In such
nstances the infarction arises locally in the region supplied
y the affected coronary arterial branch. Annular subendo-
ardial infarction has been reported in disorders associated
ith extensive myocardial ischemia, such as multi-vessel
pasm, severe triple-vessel lesions causing severe stenosis,
r aortic stenosis, and is rare [1—4]. We recently encoun-
ered a rare case of annular subendocardial infarction which
eveloped during a transient shock state in the patient and
as successfully diagnosed by myocardial SPECT with 99mTc-
yrophosphate. Herein is a report of the case.
ase report
he patient, a 74-year-old woman, had diabetes melli-
us, hypertension, and hyperlipidemia. On June 12, 2007,
he had an onset of paroxysmal atrial ﬁbrillation and
as treated in our hospital. Subsequent medical workup
evealed myocardial ischemia, and stenting was under-
aken of a severe stenosis lesion in the distal portion
f the right coronary artery on October 2, 2007, with
onsequent amelioration. On the night of November 12,
he complained of persistent chest discomfort. Examina-
ion revealed an episode of paroxysmal atrial ﬁbrillation
Fig. 1B), and the patient was treated by intravenous injec-
ion of the anti-arrhythmic agent, pilsicainide hydrochloride
or deﬁbrillation. This treatment was followed by a sud-
en sinus standstill, associated with marked bradycardia
Fig. 1C) and a shock state. An electrocardiogram (ECG)
howed sinus standstill with supraventricular escape beats
heart rate, 40 bpm). The patient was treated with atropine
ulfate and a catecholamine, however, her systolic blood
ressure remained in the hypotensive range, at 60mmHg.
he patient was free of symptoms during this hypoten-
ive state in rest position. After about an hour of onset
f this event, her systolic blood pressure returned to nor-
al level and sinus rhythm was restored, but as can be
een from Fig. 1, ECG demonstrated persistent ST depres-
ion in leads V4—6 compared to previous ECG (Fig. 1A and
) and the patient was admitted to the hospital to be
nder observation. There were no speciﬁc symptoms and
he general condition of the patient remained stable. How-
ver, the ST segment depression remained persistent, with
levation of the peak serum creatinine kinase (1797 IU/L;
ormal: ≤180 IU/L), creatinine kinase-MB (146 ng/mL; nor-
al: ≤5.0 ng/mL), and troponin T (7.17 ng/mL; normal:
0.10 ng/mL) levels. As these ﬁndings were indicative of
ossible thrombosis of the stent that had been placed about
month previously, a coronary angiography was performed
n the day of admission. The coronary angiography, how-
ver, did not reveal any abnormality (Fig. 2). On the third
ospital day, a dual-isotope myocardial SPECT using 201Tl
nd 99mTc-pyrophosphate was undertaken. Photopeaks were
0 keV with 20% window for 201Tl and 140 keV with 15% win-
ow for 99mTc-pyrophosphate and cross-talk correction was
b
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sed in reconstruction. These short-axis SPECT images are
resented in Fig. 3. A mild decrease in the uptake was
oted in the apical portion on the 201Tl myocardial SPECT
mages (Fig. 3A). Myocardial SPECT images obtained with
9mTc-pyrophosphate showed uptake in areas extending from
he apex to the basal-portion, with an annular accumulation
f 99mTc-pyrophosphate corresponding to the endocardium
rom the apex to the mid-portion; a diagnosis of suben-
ocardial infarction was thus made (Fig. 3B). The patient
ad a practically symptom-free, uneventful course at the
ospital until discharged. With echocardiography before dis-
harge, the left ventricular contractile function was normal
ejection fraction: 60%) without enlarged size. The mild left
entricular diastolic dysfunction was preexisting, but did
ot become worse (E/A ratio: 0.69 and deceleration time:
52ms). We suspected that this dysfunction was caused by
ypertensive myocardial hypertrophy and age. These ﬁnd-
ngs were similar in chronic stage.
iscussion
ubendocardial infarction that occurs due to ischemia asso-
iated with a shock state is not a common occurrence;
owever, we recently encountered a rare case of annu-
ar subendocardial infarction which was thought to have
eveloped during a transient shock state and was diag-
osed by myocardial SPECT with 99mTc-pyrophosphate. The
ual-isotope myocardial SPECT was performed using 201Tl
nd 99mTc-pyrophosphate and the scans in Fig. 3A and B
re of the same magniﬁcation. The annular radioisotope
ptake seen at the mid-portion of the left ventricle on the
9mTc-pyrophosphate myocardial SPECT is situated at the
ircumference just medial to the short-axis image of 201Tl
yocardial SPECT. From these ﬁndings, we diagnosed as
epresenting annular subendocardial infarction. Such clearly
elineated annular uptake has never been demonstrated on
9mTc-pyrophosphate myocardial SPECT in any of the pre-
iously reported cases of annular subendocardial infarction
1—4].
According to reports of annular subendocardial infarction
iagnosed by 99mTc-pyrophosphate myocardial SPECT, the
auses include multi-vessel coronary spasm, severe triple-
essel lesions of the coronary arterial tree causing a severe
tenosis, and aortic stenosis [1—4]. These are all valid
s pathophysiological states in which extensive myocardial
schemia may occur. In the present case, however, none of
hese was considered as the cause of the annular suben-
ocardial infarction, and it seemed very likely that the
yocardial ischemia was caused by the prolonged transient
hock state that occurred as an adverse reaction to pilsi-
ainide hydrochloride.
Pilsicainide hydrochloride is an anti-arrhythmic agent,
hich acts by inducing blockade of the sodium channels
f the cell membrane. Bradyarrhythmias are included as
dverse reactions of this agent. In the present case, we
eeded to administer a short catecholamine infusion for
radycadia and hypotension induced by intravenous injec-
ion of this agent. The hypotension persisted for about
n hour, but was eventually complicated unexpectedly by
ausing subendocardial infarction. We could probably have
revented this complication by being more aggressive in
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sFigure 1 (A) The electrocardiograms during sinus rhythm befo
lation on emergency room visit. (C) Bradycardia after administr
of bradycardia. The electrocardiograms after recovery of brady
managing the blood pressure while the patient was in a shock
state.
In a shock state, the sympathetic nervous system is acti-
vated, giving rise to vasoconstriction via the vascular smooth
muscle 1 receptor, which results in decreased peripheral
blood ﬂow [5,6]. Oligemia occurs initially in the skin and
skeletal muscles, because vascular resistance varies from
organ to organ, so as to maintain the blood ﬂow, to the max-
imum extent possible, to vital organs such as the brain and
heart. In the present case, however, subendocardial infarc-
tion alone developed without apparent damage to any other
viscera. One possible mechanism of this is the presence of
coronary microangiopathy, which is often recognized in the
diabetic patient [7]. It is likely that the subendocardial tis-
sues were exposed to ischemia due to hypotension in the
presence of coronary microangiopathy. However, the patho-
physiology of coronary microangiopathy is still unknown,
o
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Figure 2 The coronary angiography during persistent ST ddmission about 1 month previously. (B) Paroxysmal atrial ﬁbril-
of pilsicainide hydrochloride. (D) Sinus rhythm after recovery
ia demonstrated ST depression in leads V4—6.
nd there is no supporting report of this mechanism. Other
ossible mechanisms are catecholamine-induced cardiomy-
pathy as typiﬁed by Takotsubo cardiomyopathy or multiple
oronary artery spasm. There was a possibility that these
echanisms occurred without decreased left ventricle wall
otion.
Myocardial SPECT obtained with 99mTc-pyrophosphate is a
articularly useful diagnostic imaging method to conﬁrm the
resence of subendocardial infarction or other types of MI.
owever, it is difﬁcult to perform myocardial scintigraphy on
patient in a shock state because the general condition of
uch a patient is unfavorable in most such instances. Possibly
wing to limitation of this diagnostic modality, there have
een no reported cases of subendocardial infarction devel-
ping in a shock state. Furthermore, dual-isotope imaging
as reported to have a technical limitation. The quality of
his imaging is degraded by cross-talk correlation [8]. In spite
epression in leads V4—6 did not reveal any abnormality.
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[igure 3 201Tl myocardial SPECT images showed a mild uptake
PECT images showed clearly delineated annular uptake corresp
eft ventricle (B). These scans are the same magniﬁcation perc
f these limitations, we were successful in clearly delineat-
ng the annular subendocardial infarction by imaging in the
resent case.
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